Abstract
Results
In men, waist-to-height ratio (WHtR) displayed the strongest association with T2DM 
Introduction
Diabetes is a common, chronic disease worldwide, and the number of patients continues to increase due to reduced physical activity and increased obesity [1] . The World Health Organization (WHO) has reported that the number of adults with diabetes in the world has increased from 108 million in 1980 to 422 million in 2014 [2] . The Korea Diabetes Association has reported that the prevalence of diabetes (fasting plasma glucose�126 mg/dL, HbAlC�6.5%) in Korean adults aged �30 years increased from 12.4% in 2011 to 14.4% in 2016 and that the diabetic population is expected to reach approximately 6 million in 2050 [3] . In particular, the prevalence of diabetes mellitus is more than 10% in men aged �40 years and women aged �50 years. It is important to maintain proper blood glucose control in diabetes because it is likely to cause various complications such as chronic renal failure, vision loss, hypertension, dyslipidemia, heart failure, myocardial infarction, ischemic heart disease and stroke [3] [4] [5] [6] . In this study, we focus on type 2 diabetes (T2DM) rather than type 1 diabetes mellitus (T1DM) or and gestational diabetes. T2DM is a disease that affects 90-95% of all adult diabetes patients and is caused by a lack of insulin secretion from the β-cells of the pancreas or by insulin resistance that arises from the inability of insulin to act normally in regulating nutrient metabolism in peripheral tissues [5] . Although the prevalence of diabetes continues to increase, there are still many patients who do not know they have the disease until complications arise. According to the International Diabetes Federation in 2017, an estimated 50% of all people aged 20-79 years with diabetes are unaware of their disease [7] , and the Korea Diabetes Association has reported that 3 out of 10 diabetic patients are unaware of their disease [3] . Therefore, it is essential to develop indicators that can identify diabetes as early as possible based on various data from participants. Many studies to date have assessed the association of T2DM with anthropometric indices, bone mineral density (BMD), and body composition variables. Among the anthropometric indices, many studies have reported the strongest association between the waist-to-height ratio (WHtR) and T2DM [8] [9] [10] [11] [12] [13] [14] [15] . According to several studies, waist circumference (WC) [16] [17] [18] and body mass index (BMI) [9, 17] are strongly associated with T2DM. In addition, some studies have reported that neck circumference (NC) in Brazilian women [19] and the Chinese visceral adiposity index (CVAI) in Chinese adults are strongly associated with T2DM [20] . Age has the greatest impact on diabetes in Ghana [21] . A study has shown that prediction of the fasting plasma glucose status using a combination of anthropometric measures was superior to individual measures alone [22] . Regarding body composition variables, some studies have reported that the association of T2DM with central fat or abdominal fat is stronger than the association with general fat [23] [24] [25] [26] . Leg fat strongly correlates with T2DM [27] . With respect to BMD parameters, several studies have reported that T2DM is associated with a higher BMD and, paradoxically, with increased fracture risk [28] [29] [30] [31] [32] [33] [34] [35] [36] , while several studies have shown that diabetes affects bone loss [37, 38] . In addition, some investigations have shown that patients with both T2DM and fractures have a low BMD [39, 40] , and several studies have reported that T2DM is not associated with a higher prevalence or incidence of vertebral fractures in older men [41, 42] . Therefore, the association of T2DM with BMD remains inconsistent across studies. Additionally, although many studies have been conducted to find useful indicators of T2DM, the previous studies were based on only partial information, such as anthropometrics, BMD, and body fat mass. Comparisons of T2DM with various indicators are essential for finding the indicator with the greatest predictive power. Therefore, the aim of this study is to identify the associations and predictive power between T2DM and various indicators such as anthropometric indices, BMD, and body composition parameters. The results of the present investigation will provide basic information for clinical studies of patients with T2DM and evidence for the prevention and management of T2DM.
Materials and methods

Study population and data source
The data used in this study were obtained from the 2008-2011 Korea National Health and Nutrition Examination Survey (KNHANES IV-2, 3 and V-1, 2), which is a prospective, crosssectional, nationally representative survey study conducted by the Korea Centers for Disease Control and Prevention [43, 44] Health interviews and health examinations included in the KNHANES were performed at mobile examination centers (MECs). The health interviews, which requested information such as medical conditions, housing characteristics, socioeconomic status and alcohol use, were collected by a face-to-face interview and self-administered form. Health examinations requesting information such as height, weight, blood test and BMD were also measured at MECs [45] .
The KNHANES I-VII were conducted from 1998 to 2016. BMD examinations were performed only from 2008 to 2011; therefore, we chose the KNHANES IV-2, 3 and V-1, 2 to find associations of T2DM with various bone and body composition variables. The KNHANES IV-2, 3 and V-1, 2 included 21,303 participants who completed blood tests, bone densitometry and body fat composition tests, along with a health examination. According to the Korean Diabetes Association [3] , the prevalence of diabetes increases rapidly at age >40 years. T2DM is the most common type of diabetes, which affects 90-95% of all patients with diabetes [5, 46] . Therefore, in the present study, we focused on participants aged 40 to 90 years with T2DM. The sample included 16,891 participants ranging in age from 40 to 90 years; 3,727 participants with impaired fasting glucose (IFG) levels, T1DM or missing values for T2DM were excluded. The KNHANES did not clearly distinguish T1DM from T2DM, and therefore, participants reporting a first diagnosis of diabetes at an age <30 years who started insulin therapy within 1 year of diagnosis were considered as having T1DM, in accordance with a previous study [47] . In total, 5,329 participants with missing values for BMD (1, 940) , blood tests (1,000), anthropometrics (1,157) and basic questionnaires (1, 232) were excluded, and a sample of 7,835 participants was finally collected. The final sample consisted of 3,121 men (normal: 2,468 and 
Definition
Diabetes mellitus is defined as a metabolic disease characterized by hyperglycemia resulting from defects in insulin secretion, insulin action, or both [5] . WHO and previous studies have reported that diabetes mellitus is defined as a fasting plasma glucose�126 mg/dL, 2-hour plasma glucose�200 mg/dL, or HbA1C�6.5% [3, 5] . In this study, the diagnosis of T2DM was based on a fasting plasma glucose level�126 mg/dL, HbA1C level�6.5%, the use of antidiabetic medications or glucose-lowering drugs, or physician-diagnosed diabetes.
Measurements
All anthropometric measurements, such as height, weight, WC, BMI, and WHtR, were recorded using standard methods. Height was measured to the nearest 0.1 cm using a Seca 225 portable stadiometer (Seca, Hamburg, Germany), and weight was measured with an accuracy of 0.1 kg using an electronic scale GL-6000-20 (Caskorea, Seoul, Korea). WC was measured at the midline between the lower rib margin and iliac chest to the nearest 0.1 cm. BMI was calculated as weight (kg)/square of height (m 2 ). WHtR was calculated as WC divided by height. Blood samples were collected from the antecubital vein after an 8-hour fast. Fasting plasma glucose, total cholesterol, triglyceride (TG, �12 hour fasting), and high-density lipoproteincholesterol (HDL) levels in all participants were measured enzymatically using a Hitachi Automatic Analyzer 7600 (Hitachi, Tokyo, Japan). The visceral adiposity index (VAI), a gender-specific index based on WC, BMI, TG and HDL, was calculated as follows [48] :
BMDs of the total femur, trochanter, intertrochanter, femoral neck, ward, lumbar spine, and whole body were measured using dual energy X-ray absorptiometry (DISCOVERY QDR-4500W fan-beam densitometer, Hologic, Inc., Bedford, MA, USA). Body fat composition was measured using the same equipment and methods as used for BMD. Body fat mass, lean body mass, weight (mass) and body fat percentage were measured in the trunk, left leg (LL), right leg (RL) and whole body. The lean body mass is the fat-free mass including the bone mineral content. Muscle mass (g) was calculated as the lean body mass minus the bone mineral content, assuming that all non-fat and non-bone tissue is muscle.
Statistical analysis
Statistical analyses were performed using SPSS 21 for Windows (SPSS, Inc., Chicago, IL, USA). In crude analyses and in the analyses adjusted for age and BMI, a binary logistic regression analysis was performed to identify associations between the group without T2DM and group with T2DM after applying standardized transformations to the datasets. Independent two-sample t-tests were performed to assess gender differences in statistical characteristics. Table 1 shows a detailed description of the demographic characteristics and values for all study variables in each group. The area under the receiver operating characteristic (AUC) curve is a major criterion for comparisons of the predictive ability of individual measures. Therefore, the present study used AUCs as indicators to evaluate whether a clinically meaningful improvement in the discrimination of T2DM was achieved by anthropometric, BMD, body fat and muscle variables.
Results
Women with T2DM were older than men with T2DM. Various indices, such as the BMI, VAI, WHtR and body fat mass, were significantly higher in women with T2DM than in men with T2DM. The WC was higher in men than in women, and the BMD was lower in women than in men. Tables 2 and 3 Association of type 2 diabetes with anthropometrics, bone mineral density, and body composition Discussion T2DM is a representative metabolic disease associated with various diseases, such as hypertension [49, 50] , heart disease, stroke [51] [52] [53] , kidney disease [54] and fracture [55] [56] [57] . In the present study, we identified the associations and the best indicator of T2DM among anthropometrics, BMD and body composition variables in Korean adults. Our findings indicate that WC and WHtR are the best indicators of T2DM in Korean adults and showed that the power of general anthropometric indices for the identification of T2DM was better than those of BMD and body composition variable. The WC and WHtR are known as obesity indicators. Numerous studies have investigated the association of obesity indicators with T2DM and attempted to identify the best indicators of T2DM. As shown in the study by Tulloch-Reid and colleagues [9] , BMI and WHtR are excellent predictors of T2DM risk in Pima Indians. Cabrera and colleagues [10] and Xu and colleagues [11] reported that WHtR was the main predictor of diabetes in approximately 5521 adults in the Canary Islands and was the best predictor for T2DM in approximately 7,567 Chinese adults aged 20-79 years. In recent studies by Zhang and colleagues and Mirzaei and colleagues [12, 13] , WHtR was also the best indicator of diabetes in approximately 1,185 adults aged 40-89 years in Southwest China and [14] , and Rådholm and colleagues [15] from the ADVANCE-ON study, WHtR might be an effective screening tool for diabetes. As another indicator of diabetes, WC was significantly associated with T2DM in the Henan Rural Cohort Study [16] , in a cross-sectional study [17] , and in 11,937 Korean adults [18] . The CVAI was strongly associated with T2DM in approximately 2,383 Chinese adults in a study by Wu and colleagues [20] , and age had the greatest impact on diabetes in approximately 5,573 participants in Ghana, according to the study by Nawfal and colleagues [21] . Because body fat distribution is associated with T2DM [25,26], Vasan and colleagues showed that leg fat is strongly associated with T2DM
[27]. Our finding was consistent with the results of previous studies [8] [9] [10] [11] [12] [13] [14] [15] , indicating that WC and WHtR had the strongest predictive power for T2DM. In addition, diabetes affects bone metabolism [30] [31] [32] . We analyzed the association of T2DM with BMD, and our findings showed that T2DM was associated with the thoracic spine BMD in men, and ward BMD in women. Many studies have also shown that T2DM is associated with higher BMD and, paradoxically, with increased fracture risk [28] [29] [30] [31] . According to Strotmeyer and colleagues [32] , in 2,979 white and black men and women aged 70-79 years, T2DM was associated with higher hip BMD, and lower spine bone volume. Dennison and The results were obtained from the crude analysis and analyses adjusted for age and BMI using binary logistic regression analyses. AUC values were calculated by creating ROC curves using SPSS software. OR, odds ratio; AUC, area under the receiver operating characteristic curve.
https://doi.org/10.1371/journal.pone.0220077.t003
colleagues [33] reported that the total femur and femoral neck BMD had a positive correlation with IR, with stronger results observed in women. As shown in the study by Vestergaard P [34], the BMD Z-score is increased in the spine and hip in patients with T2DM and the increase in fracture risk is higher and BMD is lower in participants with complications from diabetes. According to an analysis based on 15 observational studies of approximately 3,437 participants with diabetes and 19,139 control subjects by Ma and colleagues [36] , significantly higher BMD of the femoral neck, hip and spine is observed in patients with T2DM. The BMD in the left femur and total hip was significantly greater in insulin-resistant women in a study by Arikan and colleagues [37] . In contrast, several studies have shown that diabetes affects bone loss [33, 38] . According to an analysis of a 4-year change in BMD data from a cohort of white and black well-functioning men and women 70-79 years of age in a study by Dennison , T2DM is not associated with a higher prevalence or incidence of vertebral fractures in older men, and a higher spine BMD is associated with a lower prevalence and incidence of vertebral fractures in patients with T2DM. In men, our finding was consistent with the results of previous studies [34] [35] [36] [37] , indicating that the BMD was increased in various sites such as the hip, lumbar spine, and thoracic spine. However, in women, our finding contrasted with that of Arikan and colleagues [37] , indicating that the BMD in the left femur and total hip was significantly greater in insulin-resistant women.
Through the previous studies, we know that T2DM influences bone metabolism and fracture, but the correlation of T2DM with BMD remains inconsistent across studies. Some studies have investigated gender differences in correlations between T2DM and obesity measures [8] , such as BMI, WC, waist-to-hip ratio (WHR) and WHtR, as well as BMD. Our findings showed that various indices such as age, BMI, VAI, WHtR and body fat mass in patients with T2DM were significantly higher in women than in men, and the increase in WC was also higher in women than in men; however, the BMD was lower in women than in men, probably because of the older age of the women. According to the Henan Rural Cohort study of 38,466 participants aged 18-79 years conducted by Tian and colleagues [16] , there are gender-specific differences between obesity measures and T2DM. In women, WC is independently associated with an increased risk of T2DM, regardless of BMI status, whereas both BMI and WC positively correlate with the risk of T2DM in men. Sallam and colleagues investigated the gender differences among participants with T2DM (64 men and 50 women) with and without cardiovascular disease (CVD) [17] . Age, body weight, BMI, and systolic blood pressure (SBP) were significantly higher in women with CVD than in participants without CVD. Rianon and colleagues reported that BMD was not altered for women with T2DM but was significantly higher in men with T2DM compared with men without diabetes, in approximately 149 Mexican American older men and women [41] . Our results support the findings from recent studies identifying gender differences in correlations of T2DM with WC, BMI, and BMD [16, 17, 41 ].
The present study had several limitations. First, cause-effect associations were difficult to determine because of the cross-sectional design. Second, our results were limited to Korean adults because we used data from the KNHANES in this study. Third, since KNHANES does not contain detailed information on medication use, a more precise analysis was not possible. Fourth, a large number of values were missing in the original data samples, resulting in the exclusion of a number of the samples during the sample selection process, and only 36.78% of samples were selected. Therefore, we were unable to conclude that the results of this paper represent the frequency of T2DM in Koreans. Fifth, the datasets from KNHANES may be affected by response bias because self-reported data from participants such as "the current use of antidiabetic medications or glucose-lowering drugs, or physician-diagnosed diabetes" are also used in the diagnosis of T2DM.
Conclusions
In the present study, we evaluated the associations of T2DM with anthropometrics, BMD, body fat mass and muscle mass in Korean adults. The WHtR in men and LL and RL fat in women displayed the strongest associations with T2DM, and the WC and WHtR in both men and women exhibited the highest predictive power for T2DM. Moreover, age, VAI, WC and WHtR exhibited greater predictive power in women than in men. Our findings provide clinical information that may identify patients with T2DM during initial screening steps. Further studies are needed to build a model for accurate identification based on a combination of BMD, anthropometric, and fat mass data.
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